@ healthcare

Article

Social Interaction, Life Satisfaction, and Follow-Up Sleep
Quality in Community-Dwelling Adults: A Three-Year
Longitudinal Cohort Study in Japan

Ruifeng Zhao 12

W) Check for updates

Academic Editor: Daniele Giansanti

Received: 2 July 2026

Revised: 23 July 2026

Accepted: 27 July 2026

Published: 31 July 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

, Haotian Gao 2(7, Shuanghong Li 2, Yixin Sun 2, Jinrui Zhang 2(*, Maiko Shigeeda (7,
Mengxuan Wang 2(%, Ruoyu Zhou 1209, Yuko Sawada 3, Akihiro Kakuda 3

and Tokie Anme %*

School of Future Education, Qingdao Hengxing University of Science and Technology,

Qingdao 266100, China; zhao43218611@gmail.com (R.Z.); zhouruoyu86@gmail.com (R.Z.)

Doctoral Program in Medical Sciences, Graduate School of Comprehensive Human Sciences, University of
Tsukuba, Tsukuba 305-8577, Japan; s2330446@u.tsukuba.acjp (H.G.); s2330440@u.tsukuba.ac.jp (S.L.);
sunyixin1l0@outlook.com (Y.S.); jinrui970308@gmail.com (J.Z.); maiko.shigeeda@gmail.com (M.S.);
52230446@u.tsukuba.ac.jp (M.W.)

Department of Physical Therapy, Morinomiya University of Medical Sciences, Osaka 559-8611, Japan;
ysawall10@yahoo.co.jp (Y.S.); kakuda@morinomiya-u.ac.jp (A.K.)

4 Faculty of Medicine, University of Tsukuba, Tsukuba 305-8575, Japan

Correspondence: anmet@md.tsukuba.ac.jp

Highlights

What are the main findings?

e  The association between baseline social interaction and three-year follow-up sleep
quality was nonlinear, with the strongest association in the lower ISI range and a
plateau at higher scores.

e Life satisfaction showed an exploratory indirect association, while evidence of an ISI
x life satisfaction effect modification was sensitive to the functional form used for ISI.

What are the implications of the main findings?

e Low ISI scores may be more informative for sleep-health research than small score
differences near the upper end of the scale.

e  The findings are associative and model-dependent and do not establish causal media-
tion, intervention effects, or predictive screening performance.

Abstract

Background/Objectives: Social interaction may be associated with sleep health, but longi-
tudinal evidence among working-age adults is limited, and ceiling-concentrated scores may
complicate linear modeling. We examined baseline social interaction, three-year follow-
up sleep quality, and the exploratory role of life satisfaction. Methods: Data came from
487 adults aged 20-58 years surveyed in 2020 and 2023. Social interaction was assessed
using the 18-item Index of Social Interaction (ISI). Normal sleep required at least 6 h of sleep
and adequate restfulness. Models were adjusted for baseline sleep, demographics, lifestyle,
health, depression, and anxiety. The ISI functional form was assessed using natural cubic
splines and a piecewise model with a knot at 14. Results: In the initial linear summary
model, a higher ISI score was associated with normal follow-up sleep (OR = 1.24, 95% CI:
1.09-1.42). The spline model fit better (likelihood-ratio X2 =19.69, df = 2, p < 0.001). Below
14, each 1-point increase was associated with higher odds of normal sleep (OR = 2.81, 95%
CI: 1.64-4.82); no additional association was observed at 14 or higher (OR = 0.99, 95%
CI: 0.83-1.19). The ISI x life satisfaction interaction was sensitive to parameterization.
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Spline-based analysis showed an average indirect association through life satisfaction (esti-
mate = 0.0077, 95% bootstrap CI: 0.0019-0.0153), while direct and total associations were
not significant. ISI was associated with restfulness but not duration. Conclusions: The
ISI-sleep association was nonlinear, concentrated in lower scores, and plateaued near the
upper end. Life-satisfaction findings were exploratory; concurrent measurement precluded
causal mediation inference.

Keywords: sleep quality; sleep restfulness; social interaction; life satisfaction; community-
dwelling adults; longitudinal cohort study; nonlinearity; natural cubic spline

1. Introduction

Sleep quality is an important component of health, well-being, and daily functioning
among adults. Poor sleep is associated with emotional distress, impaired daytime func-
tioning, reduced well-being, and poorer quality of life [1,2]. Sleep disturbances are also
closely related to symptoms of depression and anxiety, and these relationships may be
bidirectional [3]. From a community health perspective, sleep should therefore be consid-
ered not only as a physiological or behavioral outcome but also in relation to interpersonal
relationships, subjective well-being, and broader psychosocial resources.

In Japan, sleep health has increasingly been emphasized as a public health and health-
promotion priority. The Japanese Ministry of Health, Labour and Welfare recommends
considering both sleep duration and whether individuals feel adequately rested through
sleep [4]. A sleep duration of at least 6 h is an important adult sleep-health criterion, while
insufficient sleep restfulness is also clinically and epidemiologically relevant [5,6]. Combin-
ing these brief indicators may provide a practical community-based measure of sleep health,
although it does not replace a comprehensive sleep instrument or clinical assessment.

Social interaction is a potentially modifiable psychosocial characteristic that may be
associated with sleep quality. It includes contact with family, friends, neighbors, and
community groups, as well as broader dimensions of participation, social curiosity, inde-
pendence, and perceived safety [7]. Systematic reviews have linked social relationships,
social isolation, and loneliness with sleep outcomes and broader mental and physical health
in healthy and older populations [8-10]. Japanese longitudinal evidence among older
adults has also suggested that stronger social relationships, particularly when combined
with physical activity, are associated with a lower risk of subsequent sleep disorders [11].
These findings support examining social interaction as a multidimensional community
resource rather than only as the frequency of interpersonal contact.

The meaning and health implications of social interaction may differ across cultural
and religious contexts. Religious involvement can combine social participation, shared
routines, meaning, emotional support, and stress regulation and has been proposed as
a social determinant of sleep [12]. Qualitative evidence from religious Muslim and Jew-
ish adults further illustrates that prayer timing, religious prescriptions, and faith-related
stress regulation may influence sleep timing, duration, and perceived quality [13]. Pre-
liminary research in Greek older adults has also examined sleep quality, general health,
and religiousness together [14]. During the COVID-19 pandemic, culturally embedded
community practices such as rural Japanese Osekkai were associated with maintaining
social participation [15]. Likewise, research among older adults has emphasized that life
satisfaction reflects physical, social, psychological, and environmental resources whose
relative importance may vary across populations [16]. These cross-cultural considerations
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are relevant when interpreting evidence from Japan; however, religiosity was not measured
in the present cohort and could not be examined as a confounder or effect modifier.

Life satisfaction refers to an individual’s cognitive evaluation of overall life quality
and is a central component of subjective well-being [17]. Greater social interaction may be
associated with stronger perceived support, belonging, and opportunities for meaningful
participation, which in turn may correspond to greater life satisfaction [18]. Life satisfaction
is also associated with health and longitudinal sleep outcomes [19,20]. Nevertheless, when
social interaction and life satisfaction are assessed at the same time, an indirect statistical
association cannot establish that social interaction temporally precedes or causes changes
in life satisfaction.

Several gaps remain. Much of the available evidence concerns older or clinical popu-
lations, while longitudinal evidence among community-dwelling working-age adults is
limited. Many studies are cross-sectional, and few have tested whether the association
between social interaction and later sleep differs according to life satisfaction. In addition,
composite sleep outcomes may obscure whether an association is driven by sleep duration
or perceived sleep restfulness. Addressing these issues may clarify how interpersonal
and subjective well-being characteristics are associated with later sleep health without
assuming causal mediation or predictive performance.

1.1. Study Rationale and Healthcare Relevance

This study was guided by a community health framework linking interpersonal re-
sources, subjective well-being, and health-related outcomes. Social interaction was selected
as the primary exposure because the ISI captures multiple aspects of everyday social func-
tioning in Japanese community settings, including independence, curiosity, interpersonal
contact, participation, and safety [7,21,22]. These dimensions may be associated with
emotional support, belonging, meaningful activity, and stable daily routines.

Life satisfaction was examined as a proposed explanatory variable because it provides
a brief appraisal of subjective well-being and may statistically account for part of the
association between social interaction and subsequent sleep. It was also considered a
potential effect modifier because the relevance of additional social resources may differ
between adults who are and are not satisfied with their current lives. The study therefore
evaluated both an exploratory indirect association and the ISI x life satisfaction interaction.

Follow-up sleep quality was selected as the health outcome because sleep is closely
connected with mental health, daily functioning, and quality of life [1-6,23]. The study
also examined sleep duration and sleep restfulness separately, allowing an assessment
of whether psychosocial associations were more evident for behavioral sleep quantity or
perceived restoration. This distinction is relevant to community health because the two
components may have different correlates and implications.

1.2. Aim and Analytical Questions

The aim of this three-year longitudinal study was to examine the association between
baseline social interaction and follow-up sleep quality among community-dwelling adults
in Japan and to assess the statistical role of baseline life satisfaction.

We examined three primary associations: (1) baseline social interaction with normal
sleep quality at follow-up; (2) baseline social interaction with life satisfaction; and (3) life
satisfaction with normal sleep quality at follow-up.

Exploratory analyses examined whether life satisfaction statistically accounted for
part of the association between social interaction and follow-up sleep quality, whether life
satisfaction modified this association, whether the findings differed for sleep duration and
sleep restfulness, and whether a linear ISI term adequately represented the association.
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Because the analyses were not preregistered, the interaction, indirect-effect, and alternative
functional-form analyses were interpreted as theoretically informed exploratory analyses
rather than confirmatory causal tests.

2. Materials and Methods
2.1. Study Design and Setting

This study used a three-year longitudinal cohort design and was reported in accor-
dance with the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement. Data were obtained from the Community Empowerment and Care
for Well-being and Healthy Longevity cohort study, an ongoing community-based cohort
conducted in a suburban area of Japan. The cohort collects self-reported questionnaire data
from community residents at three-year intervals. The baseline survey used in the present
analysis was conducted in August 2020, and the follow-up survey was conducted in 2023.

2.2. Participants and Recruitment

The target population comprised community-dwelling adults aged 20-64 years who
participated in the 2020 baseline survey. The final analytic sample ranged from 20 to
58 years of age. Participants were eligible for the present analysis if they completed both
the 2020 baseline survey and the 2023 follow-up survey and had available data on social
interaction, life satisfaction, sleep quality, and the covariates included in the revised models.

Community residents were identified through the local government’s resident health-
survey roster. Local government staff distributed the questionnaires to eligible residents,
and volunteers conducted home-visit surveys for residents with mobility limitations. The
total number of eligible residents initially invited was not available in the secondary dataset;
therefore, the baseline response rate could not be calculated. A total of 796 adults completed
the August 2020 baseline survey.

Of the 796 adults surveyed at baseline, 283 did not participate in the 2023 follow-up,
eight were unable to complete the self-administered questionnaire independently, and 18
had missing data on the principal study variables. Specific reasons for nonparticipation
among the 283 participants lost to follow-up were not available in the secondary dataset.
Participants with either normal or poor sleep quality at baseline were retained, and baseline
sleep quality was included as a covariate in the primary models. The final complete-case
analytic sample comprised 487 participants (Figure 1).

Adults surveyed at baseline in 2020
(N =1796)

Excluded (n = 309)
(1) Lost to follow-up in 2023 (n = 283)
(2) Unable to complete the self-administered
questionnaire independently (n = 8)
2020-2023 (3) Missing data on follow-up sleep quality
follow-up period or other main study variables (n = 18)

A 4

Final analytic sample
(N =487)

Eligibility criteria: participants were included if they participated in both the 2020 baseline survey and the 2023
follow-up survey and had available data on social interaction, life satisfaction, and sleep quality. Participants with
either normal or poor sleep quality at baseline were retained, and baseline sleep quality was adjusted for in the
fully adjusted models.

Figure 1. Flow chart of participant selection.
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2.3. Sampling Approach, Study Size, and Attrition Assessment

This study was a secondary analysis of an existing community-based cohort and
did not use probability sampling. No a priori sample-size calculation was conducted
because the analytic sample was determined by follow-up participation and complete
data availability. The analytic retention rate was 61.2% (487/796). To assess potential
attrition and complete-case selection bias, baseline characteristics were compared between
participants included in the final analysis and those who were not included. Absolute
standardized mean differences were reported alongside unadjusted p-values, with larger
standardized differences interpreted as indicating greater imbalance.

2.4. Measures
2.4.1. Sleep Quality

Sleep duration and sleep restfulness were assessed at baseline in 2020 and at follow-up
in 2023. Sleep duration was assessed using the item “Approximately how many hours and
minutes do you sleep per day?” Responses were recorded in hours and minutes. Based
on the Japanese Ministry of Health, Labour and Welfare sleep health guideline, a sleep
duration of at least 6 h was coded as adequate (1), whereas a duration of less than 6 h was
coded as short (0) [4]. Sleep restfulness was assessed using the item “Do you think you
obtain sufficient rest through sleep?” and was coded as 1 = yes and 0 = no.

Participants were classified as having normal sleep quality when they reported both
a sleep duration of at least 6 h and adequate sleep restfulness. Participants who failed
to meet one or both criteria were classified as having poor sleep quality. The composite
sleep-quality variable was coded as 1 = normal and 0 = poor. Follow-up sleep quality in
2023 was the primary outcome, and baseline composite sleep quality was included as a
covariate in the primary analysis.

To examine whether the composite result was driven by one component, adequate
sleep duration and adequate sleep restfulness at follow-up were analyzed separately in
sensitivity analyses, with adjustment for the corresponding baseline component. Four
directional sleep-quality transitions were also described: normal-to-normal, normal-to-poor,
poor-to-normal, and poor-to-poor. The previously defined favorable/unfavorable trajectory
variable was not retained because it was effectively equivalent to follow-up sleep status.

2.4.2. Social Interaction

Social interaction was assessed at baseline using the Index of Social Interaction (ISI;
Supplementary Table S11), a measure developed for community-dwelling populations in
Japan [21]. The ISI comprises 18 binary items covering independence in daily life, social
curiosity, interaction with others, participation in society, and feelings of safety. Item scores
were summed to produce a total score ranging from 0 to 18, with higher scores indicating
greater social interaction. The total score was treated as a continuous exposure variable.

The ISI was selected because it was developed for Japanese community settings,
captures multiple dimensions of everyday social functioning rather than only network size
or frequency of contact, and was already embedded in the longitudinal cohort protocol.
Previous research has reported a five-domain structure, acceptable internal consistency
(Cronbach’s alpha approximately 0.78), and predictive associations with later functional
outcomes [22].

2.4.3. Life Satisfaction

Life satisfaction was assessed at baseline using the item “Are you satisfied with your
current life?” Responses were coded as 1 = yes and 0 = no. The item was treated as a brief
indicator of subjective well-being rather than a comprehensive psychometric scale. It was
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examined as a proposed explanatory variable in the exploratory indirect-effect analysis.
Because social interaction and life satisfaction were measured at the same baseline wave,
temporal ordering between them could not be established.

2.4.4. Measurement Considerations

The measures were selected within the constraints of an ongoing community cohort.
The guideline-based sleep indicators were suitable for brief community health assessment
and reflected nationally relevant criteria, but they did not provide the symptom detail
available from multi-item instruments such as the Pittsburgh Sleep Quality Index or objec-
tive assessments such as actigraphy. The ISI was selected for its cultural and community
relevance and multidimensional coverage, although its upper score concentration required
explicit assessment of the linearity assumption. The single-item life-satisfaction measure
minimized respondent burden in a large longitudinal survey but did not capture the full
breadth of subjective well-being.

2.4.5. Covariates

Covariates were selected based on prior evidence, theoretical relevance, and avail-
ability in the cohort dataset. The adjusted models included baseline age, sex, body mass
index (BMI), baseline sleep quality, breakfast consumption, snack intake, salt intake control,
attention to nutritional balance, avoidance of high-fat foods, exercise, current smoking,
current drinking, hospitalization or prolonged medical treatment during the previous year,
depressive symptoms, and anxiety symptoms.

Height and weight were measured at a health examination center operated by the local
government, and BMI was calculated as weight in kilograms divided by height in meters
squared. Breakfast consumption, snack intake, salt intake control, attention to nutritional
balance, and avoidance of high-fat foods were each assessed using a binary yes/no item
and coded as 1 = yes and 0 = no. Exercise was coded as 1 for exercising almost every day,
three to four times per week, or one to two times per week, and as 0 for almost never
exercising. Current smoking was coded as 1 for smoking almost every day or sometimes
and as 0 for former or never smoking. Current drinking was coded as 1 for drinking almost
every day or sometimes and as 0 for never drinking. Hospitalization/prolonged treatment
was coded as 1 when participants reported hospitalization or continuous treatment for at
least two weeks during the previous year and as 0 otherwise.

Depressive symptoms were assessed using a binary item asking whether participants
had felt down or depressed during the previous year. Anxiety symptoms were assessed
using a binary item asking whether participants had experienced anxiety or worry during
the previous year. Both were coded as 1 = yes and 0 = no and were treated as brief self-
reported symptom indicators rather than clinical diagnoses. The exact assessment items,
response options, and coding rules are provided in Supplementary Table S9.

2.5. Rationale for Statistical Methods

Logistic regression was selected because follow-up sleep quality and life satisfaction
were binary variables. Nonlinear models were used to assess the functional form of the
ISI-sleep association, whereas the linear model was retained only as an overall summary
of the average association across the observed score range. The outcome model included
IS], life satisfaction, and their interaction because exposure-mediator interaction can alter
the interpretation and estimation of direct and indirect associations.

Logistic regression-based natural-effect estimation was used to quantify exploratory
direct and indirect associations on the risk-difference scale. The mediator model used
a linear ISI term because no evidence of nonlinearity was observed for life satisfaction.
The outcome model used a natural cubic spline for ISI and included interactions between
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the spline terms and life satisfaction. The analysis was intended to assess a local 1-point
contrast near the sample mean and was not intended to establish a causal or temporally
ordered mediation process.

2.6. Statistical Analysis

Continuous variables were summarized using means and standard deviations or
medians and interquartile ranges, as appropriate. Categorical variables were summarized
using frequencies and percentages. Baseline characteristics were compared descriptively
according to follow-up sleep quality using Welch ¢ tests, Mann-Whitney U tests, or chi-
square tests. These comparisons were not used to select covariates and were interpreted
descriptively; p-values were unadjusted for multiple comparisons.

Baseline characteristics of participants included in the final analysis were compared
with those of participants who were not included using the same descriptive tests. Absolute
standardized mean differences were additionally calculated to assess the magnitude of
imbalance independently of sample size.

For the initial linear summary, three adjusted logistic regression models were fitted
using a linear ISI term. Model 1 estimated the average per-point association between
baseline ISI and normal follow-up sleep quality. Model 2 estimated the association between
baseline ISI and life satisfaction. Model 3 estimated normal follow-up sleep quality from
mean-centered ISI, life satisfaction, and the linear ISI x life satisfaction interaction. All
models adjusted for baseline age, sex, BMI, the relevant baseline sleep measure, the five
dietary indicators, exercise, current smoking, current drinking, hospitalization/prolonged
treatment, depressive symptoms, and anxiety symptoms. Conditional linear ISI associations
were estimated separately for participants who were and were not satisfied with their
current lives, and the interaction model was compared with the corresponding model
without the interaction term using a likelihood-ratio test.

Exploratory natural indirect and direct associations were estimated for a 1-point
increase in ISI from the sample mean (16.11) to 17.11. The mediator model contained a linear
ISI term, whereas the outcome model contained a natural cubic spline for ISI and spline x
life satisfaction interaction terms. Natural indirect and direct associations were estimated
at both exposure levels and averaged. The average natural indirect association, average
natural direct association, and total local association were reported on the risk-difference
scale. Percentile bootstrap confidence intervals were calculated using 3000 resamples. A
sensitivity analysis was repeated without adjustment for baseline sleep quality.

Additional sensitivity analyses examined adequate sleep duration and adequate sleep
restfulness as separate outcomes, with adjustment for the corresponding baseline compo-
nent. Four baseline-to-follow-up sleep transitions were summarized descriptively. The ISI
functional form was evaluated by comparing the linear model with quadratic and natural
cubic spline models; the spline had three effective degrees of freedom. For interpretability
after evidence of nonlinearity, a piecewise linear sensitivity model with a knot at ISI = 14
(the sample 10th percentile) and an analysis restricted to ISI scores of at least 14 were also
fitted. Model fit was compared using likelihood-ratio tests and the Akaike information
criterion. The robustness of the ISI x life satisfaction interaction was examined under lin-
ear, spline, quadratic, piecewise, and upper-range-restricted parameterizations using joint
likelihood-ratio tests as appropriate. Multicollinearity was assessed using variance inflation
factors after mean-centering ISI; values below 2.5 were considered nonproblematic.

Descriptive statistics and group comparisons were performed using IBM SPSS Statis-
tics version 28.0 (IBM Corp., Armonk, NY, USA). Regression analyses, nonlinear modeling,
interaction analyses, natural-effect estimation, bootstrap procedures, and sensitivity analy-
ses were conducted using Python version 3.13.5. Data management was performed using
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pandas version 2.2.3 and NumPy version 2.3.5. Statistical modeling and related procedures
used statsmodels version 0.14.6, SciPy version 1.17.0, and patsy version 1.0.2. Figures
were generated using Matplotlib version 3.10.8. All statistical tests were two-sided, with
p-values < 0.05 considered statistically significant. A fixed random seed was used to ensure
reproducibility of the bootstrap analyses.

3. Results
3.1. Participant Flow and Attrition Analysis

Of the 796 adults surveyed at baseline, 487 (61.2%) were included in the final analysis,
and 309 (38.8%) were not included because of loss to follow-up, inability to complete
the questionnaire independently, or missing principal study variables. Compared with
participants who were not included, those retained in the analytic sample were younger
(43.84 £ 9.10 vs. 46.21 £ 7.93 years, p < 0.001; absolute standardized mean difference
[SMD] = 0.28). No statistically significant differences were observed for BMI, ISI score, sex,
life satisfaction, the five dietary indicators, exercise, current smoking, current drinking,
hospitalization/prolonged treatment, depressive symptoms, anxiety symptoms, or the
baseline sleep indicators (Supplementary Table S1).

3.2. Participant Characteristics and Sleep Indicators

The 487 participants had a mean baseline age of 43.84 years (SD = 9.10) and a mean
BMI of 22.80 kg / m? (SD = 3.69). The median ISI score was 17 [interquartile range: 15-17],
indicating a concentration of scores near the upper end of the scale. Women accounted for
59.1% of the sample. At baseline, 221 participants (45.4%) had normal sleep quality, 367
(75.4%) reported life satisfaction, 43 (8.8%) reported depressive symptoms, and 64 (13.1%)
reported anxiety symptoms (Table 1).

Table 1. Baseline characteristics of the analytic sample.

Characteristic Total (n = 487)
Baseline age, years 43.84 +9.10
BMI, kg/m? 22.80 =+ 3.69
BMI category

<18.5 kg /m? 37 (7.6)

18.5-24.9 kg/m? 337 (69.2)

>25 kg/m? 113 (23.2)
Index of Social Interaction score 17 [15-17]
Sex (female) 288 (59.1)
Normal sleep quality at baseline 221 (45.4)
Life satisfaction 367 (75.4)
Breakfast consumption 434 (89.1)
Snack intake 212 (43.5)
Salt intake control 343 (70.4)
Attention to nutritional balance 387 (79.5)
Avoidance of high-fat foods 264 (54.2)
Exercise 219 (45.0)
Current smoking 73 (15.0)
Current drinking 231 (47.4)
Hospitalization/prolonged treatment 103 (21.1)
Depressive symptoms 43 (8.8)
Anxiety symptoms 64 (13.1)

Note. Values are presented as mean £ SD, median [interquartile range], or 7 (%).

At follow-up, 210 participants were classified as having poor sleep quality and 277 as
having normal sleep quality. Normal baseline sleep quality, life satisfaction, and exercise
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were more common among participants with normal follow-up sleep quality. Anxiety
symptoms were reported by 16.2% of participants with poor follow-up sleep and 10.8%
of those with normal follow-up sleep; the unadjusted descriptive comparison was not
statistically significant (p = 0.083) (Table 2).

Table 2. Baseline characteristics according to follow-up sleep quality.

Poor Sleep Quality Normal Sleep

Characteristic (1 = 210) Quality (1 = 277) p-Value
Baseline age, years 44.02 + 8.29 43.70 £ 9.68 0.692
BMI, kg/m? 23.16 + 3.95 22.53 + 3.45 0.069
Index of Social Interaction score 16 [15-17] 17 [16-17] 0.176
Sex (female) 125 (59.5) 163 (58.8) 0.880
Normal sleep quality at baseline 42 (20.0) 179 (64.6) <0.001
Life satisfaction 120 (57.1) 247 (89.2) <0.001
Breakfast consumption 183 (87.1) 251 (90.6) 0.223
Snack intake 96 (45.7) 116 (41.9) 0.398
Salt intake control 151 (71.9) 192 (69.3) 0.535
Attention to nutritional balance 164 (78.1) 223 (80.5) 0.514
Avoidance of high-fat foods 111 (52.9) 153 (55.2) 0.602
Exercise 78 (37.1) 141 (50.9) 0.003
Current smoking 39 (18.6) 34 (12.3) 0.054
Current drinking 96 (45.7) 135 (48.7) 0.508
Hospitalization/prolonged 46 (21.9) 57 (20.6) 0.722
treatment

Depressive symptoms 22 (10.5) 21 (7.6) 0.265
Anxiety symptoms 34 (16.2) 30 (10.8) 0.083

Note. Values are mean £ SD, median [interquartile range], or  (%). Comparisons are descriptive, and p-values
are unadjusted.

At baseline, 87 participants had a sleep duration below 6 h, and 263 reported insuffi-
cient sleep restfulness; 84 met both poor-sleep criteria. At follow-up, 85 participants had a
sleep duration below 6 h, and 205 reported insulfficient sleep restfulness; 80 met both criteria
(Supplementary Table S2). The four directional transitions were normal-to-normal (1 = 179,
36.8%), normal-to-poor (n = 42, 8.6%), poor-to-normal (n = 98, 20.1%), and poor-to-poor
(n =168, 34.5%) (Supplementary Table S4).

3.3. Initial Linear Summary Associations and Exploratory Interaction

In the initial linear summary model, each 1-point increase in baseline ISI was associated
with higher odds of normal sleep quality at follow-up (OR = 1.24, 95% CI: 1.09-1.42,
p < 0.001). This coefficient represents an average per-point association across the observed
ISI range rather than a constant association at every score. Higher ISI was also associated
with life satisfaction (OR = 1.32, 95% CI: 1.16-1.51, p < 0.001). In the linear outcome model
containing the interaction, life satisfaction was associated with normal follow-up sleep at
the mean ISI score (OR = 4.78, 95% CI: 2.71-8.44, p < 0.001).

The linear ISI x life satisfaction interaction was statistically significant (OR = 0.69, 95%
CI: 0.50-0.95, p = 0.022), and adding the interaction improved model fit (likelihood-ratio
x? =5.93, p = 0.015). In this linear parameterization, the ISI association was stronger among
participants who were not satisfied with their current lives (OR = 1.50, 95% CI: 1.14-1.97,
p = 0.003) than among those who were satisfied (OR = 1.03, 95% CI: 0.87-1.23, p = 0.698)
(Table 3). Because the interaction was not consistent under all nonlinear parameteriza-
tions, these subgroup estimates were interpreted as exploratory. Anxiety symptoms were
not independently associated with follow-up sleep quality in the fully adjusted models
(Supplementary Table S6).
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Table 3. Initial linear summary associations and exploratory interaction results.
Association or Effect Model OR (95% CI) p-Value
ISI and normal follow-up sleep quality zggg total-association 1.24 (1.09-1.42) <0.001
ISI and life satisfaction Linear mediator model 1.32 (1.16-1.51) <0.001
. . . . Linear interaction model;
Life satisfaction and normal follow-up sleep quality evaluated at mean ISI 4.78 (2.71-8.44) <0.001
ISI anq nf)rmal' follow—up sleep among participants Cond}thnal linear 1,50 (1.14-1.97) 0.003
not satisfied with their current lives association
ISI .aer nor.mal folllow-up slgep among participants Cond.ltlgnal linear 1.03 (0.87-1.23) 0.698
satisfied with their current lives association
Linear ISI x life satisfaction Linear interaction model 0.69 (0.50-0.95) 0.022

Note. These models use a linear ISI parameterization. The per-point ISI OR is an average association across
the observed score range. ISI was mean-centered at 16.11 points in the interaction model, and the OR for life
satisfaction is evaluated at the mean ISI score. All models adjusted for age, sex, BMI, baseline sleep quality,
dietary variables, exercise, current smoking, current drinking, hospitalization/prolonged treatment, depressive
symptoms, and anxiety symptoms. The linear interaction yielded a likelihood-ratio x* = 5.93, p = 0.015, but its
robustness under alternative ISI parameterizations is reported in Supplementary Table S10.

3.4. Spline-Based Exploratory Direct and Indirect Associations

In the spline-based natural-effect analysis, the average indirect association through
life satisfaction was statistically significant for a local 1-point increase in ISI from 16.11 to
17.11 (estimate = 0.0077, Boot SE = 0.0034, 95% bootstrap CI: 0.0019-0.0153, p = 0.009). The
average direct association was not statistically significant (estimate = 0.0115, 95% bootstrap
CI: —0.0403-0.0637, p = 0.689), and the total local association was also not statistically
significant (estimate = 0.0192, 95% bootstrap CI: —0.0336-0.0717, p = 0.464) (Table 4). These
estimates represent exploratory local statistical associations under a nonlinear outcome
model rather than evidence of causal mediation.

Table 4. Spline-based exploratory natural direct and indirect associations for a local 1-point
ISI contrast.

Effect Estimate Boot SE 95% Bootstrap CI p-Value
Natural indirect association with 0.0068 0.0038 0.0002—0.0150 0.045
outcome evaluated at mean ISI

Natural indirect association with 0.0086 0.0035 0.0028-0.0164 0.005

outcome evaluated at mean ISI + 1

Average natural indirect association 0.0077 0.0034 0.0019-0.0153 0.009

Natural direct association under

mediator distribution at mean ISI 0.0106 0.0256 —0.0417-0.0619 0.711
Natural direct association under

mediator distribution at mean ISI + 1 0.0124 0.0258 —0.0386-0.0651 0.661
Average natural direct association 0.0115 0.0257 —0.0403-0.0637 0.689
Total local association 0.0192 0.0258 —0.0336-0.0717 0.464

Note. Estimates are on the risk-difference scale for an increase in ISI from 16.11 to 17.11 points. The mediator model
used a linear ISI term, while the outcome model used a natural cubic spline for ISI and spline X life satisfaction
interaction terms. Both models adjusted for the same covariates, including anxiety symptoms. Confidence
intervals were estimated using 3000 bootstrap resamples. These estimates describe exploratory local statistical
associations and should not be interpreted as causal mediation.
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3.5. Nonlinearity and Sensitivity Analyses

The linearity-in-the-logit assumption was not supported for ISI in the follow-up sleep
model. A natural cubic spline model fit better than the single linear term (likelihood-
ratio x? = 19.69, df = 2, p < 0.001; AIC = 557.01 vs. 572.70). Adjusted normal-sleep
probability rose sharply across the lower ISI range and then plateaued (Supplementary
Figure S1). In the piecewise model with a knot at ISI = 14, each 1-point increase below
14 was associated with higher odds of normal follow-up sleep (OR = 2.81, 95% CI: 1.64—
4.82, p < 0.001), whereas no additional linear association was observed at scores of 14 or
higher (OR = 0.99, 95% CI: 0.83-1.19, p = 0.948). Restricting the analysis to participants
with ISI > 14 produced a similar null upper-range association (OR = 1.05, 95% CI: 0.87-1.26,
p = 0.632) (Supplementary Table S5). No evidence of ISI nonlinearity was observed in the
life-satisfaction model (spline comparison p = 0.398).

The ISI x life satisfaction interaction was sensitive to functional form. It was sta-
tistically significant in the initial linear summary model (p = 0.015) and in a joint spline-
interaction test (x2 =9.53, df = 3, p = 0.023), but not in the quadratic model (p = 0.063),
piecewise model (p = 0.207), or the analysis restricted to ISI > 14 (p = 0.202) (Supplementary
Table 510). The interaction was therefore regarded as exploratory and model-dependent.

When baseline sleep quality was omitted from the spline-based indirect-effect anal-
ysis, the average indirect association remained statistically significant (estimate = 0.0119,
95% bootstrap CI: 0.0046-0.0207, p < 0.001), whereas the average direct association
(estimate = —0.0003, 95% bootstrap CI: —0.0532-0.0548, p = 0.953) and total local asso-
ciation (estimate = 0.0117, 95% bootstrap CI: —0.0429-0.0664, p = 0.721) were not significant
(Supplementary Table S8). In component-specific linear analyses, ISI was associated with
adequate sleep restfulness at follow-up (OR = 1.20, 95% CI: 1.06-1.36, p = 0.004) but not
with adequate sleep duration (OR = 1.03, 95% CI: 0.89-1.19, p = 0.676) (Supplementary
Table S3). Variance inflation factors ranged from 1.05 to 2.40 (Supplementary Table S7).

4. Discussion

This three-year longitudinal cohort study found an association between baseline
social interaction and normal sleep quality at follow-up after adjustment for baseline
sleep quality, anxiety symptoms, depressive symptoms, and other covariates. However,
the association was nonlinear: sleep probability increased primarily across the lower ISI
range and plateaued near the upper end. ISI was also associated with life satisfaction. A
spline-based exploratory analysis showed an indirect association through life satisfaction,
whereas evidence of ISI x life satisfaction effect modification varied across parameteriza-
tions. In component-specific analyses, ISI was associated with sleep restfulness but not
sleep duration.

The nonlinear findings are central to interpretation. The natural cubic spline and
piecewise models indicated that the association was concentrated below approximately 14
ISI points. At scores of 14 or higher, each additional point was not associated with further
improvement in follow-up sleep probability. Because most participants scored in this upper
range, the original linear OR of 1.24 should be interpreted as an average summary across a
heterogeneous curve rather than as a constant dose-response relationship. The apparent
plateau may reflect saturation of social resources, limited discrimination near the scale
ceiling, or both.

Evidence of effect modification by life satisfaction was less robust than suggested by
the single linear interaction term. The interaction remained significant in the spline model
but was not confirmed in the quadratic, piecewise, or upper-range-restricted analyses. It
may therefore be influenced by the relatively small lower-ISI tail and by modeling choices.
Subgroup interpretations should remain exploratory, and the results do not show that
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increasing social interaction would necessarily improve sleep among adults dissatisfied
with their current lives.

The spline-based natural-effect analysis identified a small local indirect association
through life satisfaction, while the direct and total local associations were not statistically
significant. A significant indirect association in the absence of a significant total local
association is statistically possible, but it does not establish mediation. Social interaction
and life satisfaction were measured concurrently at baseline; their temporal ordering
cannot be established, and unmeasured common causes may contribute to both. The
result is therefore best described as an exploratory indirect statistical association near the
sample mean.

The component-specific findings add measurement detail to the composite outcome.
Baseline ISI was associated with adequate sleep restfulness at follow-up but not with
sleeping at least 6 h. Social relationships and subjective well-being may be more closely
related to perceived restoration, emotional arousal, stress, and the subjective experience
of sleep than to sleep duration itself. This interpretation is consistent with evidence that
subjective and objective sleep indicators do not always correspond [24]. It also means
that the principal composite association should not be interpreted as evidence that social
interaction lengthens sleep duration.

The findings are broadly consistent with systematic evidence connecting social re-
lationships, social isolation, and loneliness with sleep and wider health outcomes [8-10]
and with Japanese research showing that social relationships and physical activity jointly
relate to sleep disorders in older adults [11]. Social interaction may be associated with sleep
through emotional support, reduced loneliness, stress buffering, belonging, meaningful
activity, and more regular daily rhythms [25-31]. However, most cited studies differ in
age, measurement, and cultural context, and the present sample consisted of working-age
adults rather than exclusively older adults. The current study, therefore, extends, but does
not directly replicate, older-adult findings.

Cross-cultural interpretation is especially important because social participation and
subjective well-being are embedded in family structures, community norms, and religious
practices. Religious involvement may provide social networks, shared routines, meaning,
and psychological resources that are relevant to sleep [12], while qualitative evidence
indicates that religious prescriptions and prayer practices may also alter sleep timing and
duration [13]. Preliminary findings in Greek older adults have additionally examined sleep
quality and general health in relation to religiousness [14]. Culturally specific forms of
mutual help, such as Osekkai in rural Japan, may support social contact and community
participation during periods of disruption [15]. Multidimensional research in older adults
likewise indicates that life satisfaction is shaped by social, psychological, physical, and
environmental conditions [16]. The present cohort did not assess religiosity or specific
forms of cultural participation, so the observed interaction between ISI and life satisfaction
should not be assumed to operate identically in populations with different religious, social,
or cultural characteristics.

Anxiety symptoms were added as a covariate because anxiety is closely related to sleep
and may be longitudinally intertwined with loneliness and sleep quality in community
populations [1,32]. Population-based longitudinal evidence has also shown that insomnia
can precede subsequent anxiety and depression [33]. In clinical research on bipolar disorder,
commentary has emphasized the importance of assessing insomnia-related sleep disruption
alongside cognition and concurrent anxiety [34]. In the present models, anxiety was not
independently associated with follow-up sleep after adjustment, and its inclusion did
not materially change the principal ISI results. This does not indicate that anxiety is
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unimportant; the single binary item may have had limited sensitivity, and anxiety may
operate through pathways or symptom severity not captured by the available measure.

The timing of baseline data collection also requires consideration. The baseline survey
was conducted in August 2020 during the COVID-19 pandemic, when social contact,
family interaction, community activities, psychological well-being, and sleep may have
differed from pre-pandemic conditions. Among Japanese workers, greater time spent with
family was associated with lower loneliness [35], while loneliness and limited interpersonal
communication were strongly associated with psychological distress [36]. Rural Japanese
research also suggested that culturally embedded mutual-help activities could support
social participation during the pandemic [15], and nationwide Japanese data documented
differences in nonrestorative sleep during the pandemic period [5]. Consequently, baseline
IS, life satisfaction, psychological symptoms, and sleep responses may partly reflect the
specific social and behavioral circumstances of the pandemic, limiting direct generalization
to periods without comparable disruption.

Attrition analyses showed that 38.8% of baseline participants were not included in the
final complete-case analysis. Included participants were younger (absolute SMD = 0.28),
whereas no other examined baseline characteristic differed statistically, including the five
dietary indicators, current drinking, depressive symptoms, and the baseline sleep indicators.
Selection bias cannot be excluded because age differed between groups, and reasons for
loss to follow-up were unavailable, although the remaining standardized differences were
small. In addition, the total number of participants invited to the baseline survey was
unavailable, preventing calculation of the initial participation rate.

The upper-end ISI concentration also affected precision. Nearly half of the participants
scored 17 or 18, while only 70 scored 14 or lower. The spline and piecewise estimates at the
lower end were therefore based on a relatively small subgroup and had wider uncertainty.
Conversely, the densely represented upper range showed little evidence of an additional
linear association. This distribution may also help explain why the unadjusted median
comparison was not statistically significant despite an average adjusted linear association.

The results have cautious clinical relevance. Sleep complaints are important across
adulthood and may be considered alongside mental health, functional, and neurocogni-
tive information in clinical and community settings; clinical commentary has similarly
highlighted concurrent consideration of insomnia-related disruption, cognition, and anxi-
ety [34]. Cross-cultural work on dementia assessment emphasizes that functional measures
require cultural validity and adaptation [37]. However, the present study did not measure
cognition, dementia, diagnostic status, or predictive accuracy. It therefore cannot sup-
port conclusions about neurocognitive diagnosis or claim that the psychosocial indicators
identify individuals with a clinical sleep disorder.

The broader relevance of social connection is supported by meta-analytic and concep-
tual evidence linking social relationships with mortality and wider health outcomes [38,39].
Research on social support, interpersonal need support, psychological resilience, and social
connectedness further indicates consistent associations with well-being and life satisfaction
across different populations and life stages [40-45].

Sleep-specific research has also linked social relationships and social support with sleep
quality in community and occupational populations [46-48]. Additional evidence suggests
interconnected relationships among sleep, quality of life, perceived stress, depressive
symptoms, mental health, and life satisfaction [49-51].

The interpretation of life satisfaction as a brief subjective well-being indicator is
additionally informed by conceptual work distinguishing life satisfaction from emotional
well-being and by research supporting the validity of single-item assessment in large
population samples [52-54].
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This study also has several strengths. It used a three-year longitudinal outcome;
adjusted for baseline sleep status; included anxiety and depressive symptoms; compared
included and non-included participants; separated sleep duration from sleep restfulness;
retained four directional sleep transitions; and assessed ISI functional form using spline,
quadratic, piecewise, and restricted-range analyses. It also evaluated the robustness of
the interaction across parameterizations and estimated local natural associations under a
nonlinear outcome model. The multidimensional ISI and guideline-based sleep definition
were relevant to the Japanese community context.

4.1. Limitations

Several limitations should be acknowledged. First, social interaction and life satis-
faction were assessed at the same baseline wave. The temporal ordering required for
causal mediation was therefore not established, and the indirect association may reflect
reverse directionality or shared unmeasured determinants. The natural effect terminol-
ogy describes the statistical estimands used and should not be interpreted as proof of a
causal mechanism.

Second, sleep duration and sleep restfulness were self-reported. The composite out-
come was aligned with Japanese sleep-health guidance, but it did not capture insomnia
symptoms, sleep timing, variability, sleep efficiency, sleep disorders, medication use, or
objective physiology. The separate analyses further showed that the ISI association was
evident for sleep restfulness rather than sleep duration, limiting broad interpretation of the
outcome as a uniform construct.

Third, life satisfaction, depressive symptoms, and anxiety symptoms were assessed
using brief binary items rather than validated multi-item scales or clinical interviews.
These measures reduced respondent burden but could not characterize symptom sever-
ity, duration, diagnostic status, or the multidimensional nature of subjective well-being.
Measurement error may have attenuated or otherwise altered the observed associations.

Fourth, the study used non-probability sampling and complete-case analysis. The
denominator of residents initially invited was unavailable, so the baseline participation
rate could not be calculated. Of the 796 baseline respondents, 309 were not included in the
final analysis, and an age difference was observed. Selection and healthy-participant biases
may therefore limit representativeness.

Fifth, the August 2020 baseline occurred during the COVID-19 pandemic. Social
interaction, life satisfaction, lifestyle, and sleep may have been influenced by pandemic-
related circumstances, as suggested by Japanese evidence on loneliness, family interaction,
community participation, psychological distress, and nonrestorative sleep during this
period [5,15,35,36]. The available data could not isolate those effects, and the findings may
not fully represent associations under usual community conditions.

Sixth, the study was conducted in one suburban Japanese community. Socioeco-
nomic status, occupation and work schedules, caregiving burden, loneliness, detailed
social-network characteristics, religiousness, and other cultural factors were not fully as-
sessed. Residual confounding remains possible, and replication is needed in culturally and
socioeconomically diverse populations.

Seventh, the ISI showed pronounced upper-end concentration and a nonlinear as-
sociation with the sleep outcome. Although spline and piecewise analyses addressed
the functional form, only 70 participants scored 14 or lower, so the steep lower-range
association was estimated from a relatively small subgroup. The interaction with life
satisfaction was also sensitive to ISI parameterization and should not be treated as a stable
subgroup effect. The four sleep-transition groups were reported descriptively rather than
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modeled extensively because the normal-to-poor group was small. These analyses should
be considered exploratory.

4.2. Implications for Healthcare and Community Health Promotion

The findings suggest that very low social-interaction scores may be more informative
for sleep-health research than small differences near the upper end of the ISI scale. The
plateau indicates that the results should not be interpreted as a simple dose-response
relationship. Life satisfaction may be relevant to this association, but the interaction
was model-dependent and should be used to generate hypotheses rather than to define
a screening subgroup. The study did not evaluate predictive performance, screening
thresholds, or intervention effectiveness.

Community health initiatives may consider interpersonal relationships, meaningful
participation, subjective well-being, and sleep-restfulness complaints alongside conven-
tional sleep behaviors. Such consideration should complement, not replace, clinical assess-
ment or evidence-based sleep care. The present findings do not establish that programs
designed to increase social interaction or life satisfaction will improve sleep.

Future studies should use repeated measurements of social interaction and life satis-
faction across multiple waves, validated multi-item psychological and sleep instruments,
objective sleep measures, and diverse cultural settings. Prospective prediction studies and
intervention trials will be needed before these psychosocial indicators can be recommended
for screening;, risk classification, or prevention strategies.

5. Conclusions

Baseline social interaction was associated with normal sleep quality at three-year
follow-up among community-dwelling adults in Japan, but the association was nonlinear
and concentrated in the lower ISI range, with a plateau at scores of approximately 14 or
higher. Life satisfaction showed a small exploratory indirect association near the mean
ISI score, while evidence of effect modification was sensitive to model specification. The
association was more evident for sleep restfulness than for sleep duration. Because social
interaction and life satisfaction were measured concurrently, these findings do not estab-
lish causal mediation. Replication with broader ISI distributions, repeated psychosocial
assessments, and validated or objective sleep measures is needed.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/healthcare14152311/s1: Supplementary Table S1, Baseline com-
parison between included and non-included participants; Supplementary Table S2, Distribution and
overlap of sleep-duration and sleep-restfulness criteria; Supplementary Table S3, Component-specific
adjusted logistic regression analyses; Supplementary Table S4, Four directional sleep-quality tran-
sitions from baseline to follow-up; Supplementary Table S5, Alternative ISI parameterizations and
assessment of nonlinearity for follow-up normal sleep quality; Supplementary Table S6, Initial linear
summary adjusted logistic-regression models including anxiety symptoms; Supplementary Table 57,
Multicollinearity assessment for the full interaction outcome model; Supplementary Table S8, Spline-
based indirect-effect sensitivity analysis without adjustment for baseline sleep quality; Supplementary
Table S9, Assessment and coding of study variables; Supplementary Table S10, Robustness of ISI
functional form and the ISI X life satisfaction interaction; Supplementary Figure S1, Covariate-
adjusted probability of normal sleep quality at follow-up according to ISI score from the natural
cubic spline model. Observed proportions are shown for comparison; the dashed vertical line marks
the piecewise-model knot at ISI = 14. Scores below 10 were omitted from the plot because only
two participants had such scores; Supplementary Table S11, Index of Social Interaction (ISI).

https:/ /doi.org/10.3390/healthcare14152311


https://www.mdpi.com/article/10.3390/healthcare14152311/s1
https://www.mdpi.com/article/10.3390/healthcare14152311/s1
https://doi.org/10.3390/healthcare14152311

Healthcare 2026, 14, 2311 16 of 19

Author Contributions: Conceptualization, R.Z. (Ruifeng Zhao) and T.A.; methodology, R.Z. (Ruifeng
Zhao) and T.A ; formal analysis, R.Z. (Ruifeng Zhao); visualization, R.Z. (Ruifeng Zhao); investigation,
S.L.,J.Z.,M.S., Y.S. (Yixin Sun), Y.S. (Yuko Sawada) and A.K,; data curation, S.L., ].Z., M.S., Y.S. (Yuko
Sawada) and A K.; writing—original draft preparation, R.Z. (Ruifeng Zhao); writing—review and
editing, H.G., Y.S. (Yixin Sun), M.W,, R.Z. (Ruoyu Zhou), S.L.,J.Z., M.S., Y.S. (Yuko Sawada), A.K. and
T.A; supervision, T.A.; project administration, T.A. All authors have read and agreed to the published
version of the manuscript.

Funding: H.G. was supported by the Japan—China Sasakawa Medical Fellowship (fellowship num-
ber: G4601). The fellowship provider had no role in the study design, data collection, analysis,
interpretation of data, writing of the manuscript, or decision to submit the article for publication.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the University of Tsukuba, Japan (approval
number: 1331-5; approval date: 12 December 2018).

Informed Consent Statement: Informed consent was obtained from all participants involved in the
study before participation.

Data Availability Statement: The data that support the findings of this study are not publicly
available because of ethical and privacy restrictions related to the community-based cohort survey.
Data may be made available from the corresponding author upon reasonable request and with
permission from the relevant ethics committee and local municipal authority. The statistical analysis
code is available from the corresponding author upon reasonable request.

Acknowledgments: The authors would like to express their sincere gratitude to all participants who
took part in the Community Empowerment and Care for Well-being and Healthy Longevity cohort
study. The authors also thank the local municipal government and all staff members involved in the
survey for their cooperation and support.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

BMI Body mass index

CI Confidence interval

ISI Index of Social Interaction

OR Odds ratio

STROBE  Strengthening the Reporting of Observational Studies in Epidemiology
VIF Variance inflation factor

References

1. Alvaro, PK,; Roberts, R.M.; Harris, ].K. A systematic review assessing bidirectionality between sleep disturbances, anxiety, and
depression. Sleep 2013, 36, 1059-1068. [CrossRef] [PubMed]

2. Oh, C.-M;; Kim, H.Y;; Na, HK.; Cho, K.H.; Chu, M.K. The effect of anxiety and depression on sleep quality of individuals with
high risk for insomnia: A population-based study. Front. Neurol. 2019, 10, 849. [CrossRef] [PubMed]

3. Hertenstein, E.; Feige, B.; Gmeiner, T.; Kienzler, C.; Spiegelhalder, K.; Johann, A.; Jansson-Fr&jmark, M.; Palagini, L.; Riicker, G.;
Riemann, D.; et al. Insomnia as a predictor of mental disorders: A systematic review and meta-analysis. Sleep Med. Rev. 2019, 43,
96-105. [CrossRef] [PubMed]

4. Ministry of Health, Labour and Welfare. Kenkdzukuri No Tame No Suimin Gaido 2023 [Sleep Guide for Health Promotion 2023].
2023. Available online: https://www.mhlw.go.jp/content/10904750/001181265.pdf (accessed on 1 April 2026).

5. Tomioka, K.; Shima, M.; Saeki, K. Prevalence of nonrestorative sleep before and during the COVID-19 pandemic: Based on a

nationwide cross-sectional survey among Japanese in 2019 and 2022. Environ. Health Prev. Med. 2025, 30, 6. [CrossRef] [PubMed]

https:/ /doi.org/10.3390 /healthcare14152311


https://doi.org/10.5665/sleep.2810
https://www.ncbi.nlm.nih.gov/pubmed/23814343
https://doi.org/10.3389/fneur.2019.00849
https://www.ncbi.nlm.nih.gov/pubmed/31456736
https://doi.org/10.1016/j.smrv.2018.10.006
https://www.ncbi.nlm.nih.gov/pubmed/30537570
https://www.mhlw.go.jp/content/10904750/001181265.pdf
https://doi.org/10.1265/ehpm.24-00197
https://www.ncbi.nlm.nih.gov/pubmed/39864824
https://doi.org/10.3390/healthcare14152311

Healthcare 2026, 14, 2311 17 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Yoshiike, T.; Utsumi, T.; Matsui, K.; Nagao, K.; Saitoh, K.; Otsuki, R.; Aritake-Okada, S.; Suzuki, M.; Kuriyama, K. Mortality
associated with nonrestorative short sleep or nonrestorative long time-in-bed in middle-aged and older adults. Sci. Rep. 2022, 12,
189. [CrossRef] [PubMed]

Miura, K.W,; Sekiguchi, T.; Otake-Matsuura, M.; Sawada, Y.; Tanaka, E.; Watanabe, T.; Tomisaki, E.; Okumura, R.; Kawasaki, Y.;
Ito, S.; et al. Patterns of social relationships among community-dwelling older adults in Japan: Latent class analysis. BMC Geriatr.
2022, 22, 75. [CrossRef] [PubMed]

Gordon, A.M; Carrillo, B.; Barnes, C.M. Sleep and social relationships in healthy populations: A systematic review. Sleep Med.
Rev. 2021, 57,101428. [CrossRef] [PubMed]

Azizi-Zeinalhajlou, A.; Mirghafourvand, M.; Nadrian, H.; Samei Sis, S.; Matlabi, H. The contribution of social isolation and
loneliness to sleep disturbances among older adults: A systematic review. Sleep Biol. Rhythm. 2022, 20, 153-163. [CrossRef]
Tragantzopoulou, P.; Giannouli, V. Social isolation and loneliness in old age: Exploring their role in mental and physical health.
Psychiatriki 2021, 32, 59-66. [CrossRef] [PubMed]

Seol, J.; Lee, J.; Nagata, K.; Fujii, Y.; Joho, K.; Tateoka, K.; Inoue, T.; Liu, J.; Okura, T. Combined effect of daily physical activity and
social relationships on sleep disorder among older adults: Cross-sectional and longitudinal study based on data from the Kasama
study. BMC Geriatr. 2021, 21, 623. [CrossRef] [PubMed]

Hill, T.D.; DeAngelis, R.T.; Ellison, C.G. Religious involvement as a social determinant of sleep: An initial review and conceptual
model. Sleep Health 2018, 4, 325-330. [CrossRef] [PubMed]

Zarhin, D. How religion affects sleep health: Exploring the perspectives of religious Muslims and Jews in Israel. ]. Sleep Res. 2023,
32, e€13809. [CrossRef] [PubMed]

Giannoulis, K.; Giannouli, V.; Syrmos, N. Sleep quality, general health and religiousness in Greek older adults: Preliminary
results. Sleep Med. 2019, 64, S371. [CrossRef]

Ohta, R;; Yata, A.; Arakawa, Y.; Maiguma, K.; Sano, C. Rural social participation through Osekkai during the COVID-19 pandemic.
Int. |. Environ. Res. Public Health 2021, 18, 5924. [CrossRef] [PubMed]

Siegmund, L.A.; Siedlecki, S.L.; Bena, J.F. Physical, social, psychological, and environmental predictors of life satisfaction among
older adults. Clin. Nurse Spec. 2025, 39, 35-41. [CrossRef]

Diener, E.; Suh, EM,; Lucas, R.E.; Smith, H.L. Subjective well-being: Three decades of progress. Psychol. Bull. 1999, 125, 276-302.
[CrossRef]

Bai, X.; Yang, S.Y.; Knapp, M. Sources and directions of social support and life satisfaction among solitary Chinese older adults in
Hong Kong: The mediating role of sense of loneliness. Clin. Interv. Aging 2018, 13, 63-71. [CrossRef] [PubMed]

Diener, E.; Chan, M.Y. Happy people live longer: Subjective well-being contributes to health and longevity. Appl. Psychol. Health
Well-Being 2011, 3, 1-43. [CrossRef]

Zhu, C.; Zhou, L.; Zhang, X.; Walsh, C.A. Reciprocal effects between sleep quality and life satisfaction in older adults: The
mediating role of health status. Healthcare 2023, 11, 1912. [CrossRef] [PubMed]

Anme, T.; Takayama, T. Health and social welfare study on the evaluation of social relationships: The development and validity
of social relationships evaluation for community-dwelling older adults. Jpn. J. Soc. Welf. 1995, 36, 59-73. [CrossRef] [PubMed]
Anme, T. Evaluation of environmental stimulation and its relation to physical deterioration in the elderly after 3 years: A
health-social longitudinal study. Jpn. J. Public Health 1997, 44, 159-166.

Li, Z.; Zhong, T.; Meng, X.-C. A meta-analysis study evaluating the effects of sleep quality on mental health among the adult
population. BMC Public Health 2025, 25, 2992. [CrossRef] [PubMed]

Matthews, K.A.; Patel, S.R.; Pantesco, E.J.M.; Buysse, D.J.; Kamarck, T.W.; Lee, L.; Hall, M.H. Similarities and differences in
estimates of sleep duration by polysomnography, actigraphy, diary, and self-reported habitual sleep in a community sample.
Sleep Health 2018, 4, 96-103. [CrossRef] [PubMed]

Salehi, Z.; Pasha, H.; Hosseini, S.R.; Kheirkhah, E; Bijani, A. The impact of social support, physical and psychological performance
on sleep outcomes in Iranian older adults: A case-control study. BMC Geriatr. 2023, 23, 791. [CrossRef] [PubMed]

De Grey, RK.G.; Uchino, B.N,; Trettevik, R.; Cronan, S.B.; Hogan, J.N. Social support and sleep: A meta-analysis. Health Psychol.
2018, 37, 787-798. [CrossRef] [PubMed]

Allen, K.-A.; Kern, M.L.; Rozek, C.S.; Mclnerney, D.; Slavich, G.M. Belonging: A review of conceptual issues, an integrative
framework, and directions for future research. Aust. J. Psychol. 2021, 73, 87-102. [CrossRef] [PubMed]

Jandali, D.; Alwaleedi, A.; Marenus, M.; Liener, S.; Sheik, A.; Elayyan, M.; Chen, W.-Y. Mental health, sleep quality, and
psychological well-being during the Holy Month of Ramadan. Healthcare 2024, 12, 1301. [CrossRef] [PubMed]

Gough, C.; Lewis, L.; Barr, C.J.; Maeder, A.; George, S. Community participation of community dwelling older adults: A
cross-sectional study. BMC Public Health 2021, 21, 612. [CrossRef] [PubMed]

https:/ /doi.org/10.3390 /healthcare14152311


https://doi.org/10.1038/s41598-021-03997-z
https://www.ncbi.nlm.nih.gov/pubmed/34997027
https://doi.org/10.1186/s12877-022-02748-7
https://www.ncbi.nlm.nih.gov/pubmed/35078419
https://doi.org/10.1016/j.smrv.2021.101428
https://www.ncbi.nlm.nih.gov/pubmed/33596514
https://doi.org/10.1007/s41105-022-00380-x
https://doi.org/10.22365/jpsych.2021.009
https://www.ncbi.nlm.nih.gov/pubmed/33759810
https://doi.org/10.1186/s12877-021-02589-w
https://www.ncbi.nlm.nih.gov/pubmed/34732144
https://doi.org/10.1016/j.sleh.2018.04.001
https://www.ncbi.nlm.nih.gov/pubmed/30031524
https://doi.org/10.1111/jsr.13809
https://www.ncbi.nlm.nih.gov/pubmed/36560913
https://doi.org/10.1016/j.sleep.2019.11.1033
https://doi.org/10.3390/ijerph18115924
https://www.ncbi.nlm.nih.gov/pubmed/34072993
https://doi.org/10.1097/NUR.0000000000000873
https://doi.org/10.1037/0033-2909.125.2.276
https://doi.org/10.2147/CIA.S148334
https://www.ncbi.nlm.nih.gov/pubmed/29379277
https://doi.org/10.1111/j.1758-0854.2010.01045.x
https://doi.org/10.3390/healthcare11131912
https://www.ncbi.nlm.nih.gov/pubmed/37444746
https://doi.org/10.24469/jssw.36.2_59
https://www.ncbi.nlm.nih.gov/pubmed/42527576
https://doi.org/10.1186/s12889-025-23709-w
https://www.ncbi.nlm.nih.gov/pubmed/40890670
https://doi.org/10.1016/j.sleh.2017.10.011
https://www.ncbi.nlm.nih.gov/pubmed/29332687
https://doi.org/10.1186/s12877-023-04455-3
https://www.ncbi.nlm.nih.gov/pubmed/38041024
https://doi.org/10.1037/hea0000628
https://www.ncbi.nlm.nih.gov/pubmed/29809022
https://doi.org/10.1080/00049530.2021.1883409
https://www.ncbi.nlm.nih.gov/pubmed/33958811
https://doi.org/10.3390/healthcare12131301
https://www.ncbi.nlm.nih.gov/pubmed/38998836
https://doi.org/10.1186/s12889-021-10592-4
https://www.ncbi.nlm.nih.gov/pubmed/33781223
https://doi.org/10.3390/healthcare14152311

Healthcare 2026, 14, 2311 18 of 19

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Akasaki, Y.; Shimokihara, S.; Hidaka, Y.; Maruta, M.; Han, G.; Kamasaki, T.; Kumura, Y.; Kukizaki, W.; Nakahara, R.; Makizako,
H.; et al. Satisfaction with meaningful activities and sleep in community-dwelling older adults: Cross-sectional study. Clin.
Gerontol. 2025, 1-15. [CrossRef] [PubMed]

Sabet, S.; Dautovich, N.D.; Dzierzewski, J. The rhythm is gonna get you: Social rhythms, sleep, depressive, and anxiety symptoms.
J. Affect. Disord. 2021, 286, 197-203. [CrossRef] [PubMed]

Wang, W.; Wei, Z.; Wang, M.; Qi, Y; Sun, L. Longitudinal relationship between anxiety and sleep quality in community residents:
The mediating effect of loneliness. BMC Psychiatry 2025, 25, 1004. [CrossRef] [PubMed]

Chen, P-J.; Huang, C.L.-C.; Weng, S.-F.; Wu, M.-P; Ho, C.-H.; Wang, J.-J.; Tsai, W.-C.; Hsu, Y.-W. Relapse insomnia increases
greater risk of anxiety and depression: Evidence from a population-based 4-year cohort study. Sleep Med. 2017, 38, 122-129.
[CrossRef] [PubMed]

Giannouli, V. Insomnia-related sleep disruptions, cognition and detailed concurrent anxiety testing during the inter-episode
phase of bipolar disorder: A Herculean task or a necessity? J. Psychiatr. Res. 2017, 95, 76-77. [CrossRef] [PubMed]

Fujii, R.; Konno, Y.; Tateishi, S.; Hino, A.; Tsuji, M.; Ikegami, K.; Nagata, M.; Yoshimura, R.; Matsuda, S.; Fujino, Y. Association
between time spent with family and loneliness among Japanese workers during the COVID-19 pandemic: A cross-sectional study.
Front. Psychiatry 2021, 12, 786400. [CrossRef] [PubMed]

Konno, Y.; Nagata, M.; Hino, A.; Tateishi, S.; Tsuji, M.; Ogami, A.; Yoshimura, R.; Matsuda, S.; Fujino, Y. Association between
loneliness and psychological distress: A cross-sectional study among Japanese workers during the COVID-19 pandemic. Prev.
Med. Rep. 2021, 24, 101621. [CrossRef] [PubMed]

Calia, C.; O’Donald, F; Franzen, S.; Delgado Alvarez, A.; Dreyer, A.].; Ibanez-Casas, I.; Jiang, J.; Daugherty, ].C.; Jordao, M.;
Canevelli, M.; et al. Cross-cultural functional assessment for dementia: A commentary. Clin. Neuropsychol. 2025, 40, 1263-1288.
[CrossRef] [PubMed]

Holt-Lunstad, J.; Smith, T.B.; Layton, J.B. Social relationships and mortality risk: A meta-analytic review. PLoS Med. 2010, 7,
€1000316. [CrossRef] [PubMed]

Holt-Lunstad, J. The major health implications of social connection. Curr. Dir. Psychol. Sci. 2021, 30, 251-259. [CrossRef]

Slemp, G.R; Field, ].G.; Ryan, RM.; Forner, V.W.; Van den Broeck, A.; Lewis, K.J. Interpersonal supports for basic psychological
needs and their relations with motivation, well-being, and performance: A meta-analysis. J. Personal. Soc. Psychol. 2024, 127,
1012-1037. [CrossRef] [PubMed]

Hanimoglu, E. A mediation and moderation model for life satisfaction: The role of social support, psychological resilience, and
gender. Acta Psychol. 2025, 259, 105360. [CrossRef] [PubMed]

Song, J.; Corcoran, J.; Zahnow, R. The resettlement journey: Understanding the role of social connectedness on well-being and
life satisfaction among (im)migrants and refugees: A systematic review. J. Racial Ethn. Health Disparities 2025, 12, 2128-2144.
[CrossRef] [PubMed]

Brajéa—Zganec, A.; Lipovéan, L K.; Hanzec, I. The relationship between social support and subjective well-being across the
lifespan. Drustvena Istraz. 2018, 27, 47-65. [CrossRef]

Siedlecki, K.L.; Salthouse, T.; Oishi, S.; Jeswani, S. The relationship between social support and subjective well-being across age.
Soc. Indic. Res. 2014, 117, 561-576. [CrossRef] [PubMed]

Capone, V.; Joshanloo, M.; Scheifinger, H. Predictors of life satisfaction in a large representative sample from Italy. Curr. Psychol.
2021, 40, 3609-3627. [CrossRef]

Kent, R.G.; Uchino, B.N.; Cribbet, M.R.; Bowen, K.S.; Smith, T.W. Social relationships and sleep quality. Ann. Behav. Med. 2015, 49,
912-917. [CrossRef] [PubMed]

Nyaaba, E.; Abass, K.; Gyasi, R.M. Association of social support with sleep and subjective health outcomes in Ghanaian artisanal
miners. Sci. Rep. 2025, 15, 43923. [CrossRef] [PubMed]

Mao, Y.; Raju, G.; Zabidi, M.A. Association between occupational stress and sleep quality: A systematic review. Nat. Sci. Sleep
2023, 15,931-947. [CrossRef] [PubMed]

Kudrnatovd, M.; Kudrnag, A. Better sleep, better life? Testing the role of sleep on quality of life. PLoS ONE 2023, 18, e0282085.
[CrossRef] [PubMed]

Yang, Y.; Cuffee, Y.L.; Aumiller, B.B.; Schmitz, K.H.; Almeida, D.M.; Chinchilli, V.M. Serial mediation roles of perceived stress and
depressive symptoms in the association between sleep quality and life satisfaction among middle-aged American adults. Front.
Psychol. 2022, 13, 822564. [CrossRef] [PubMed]

Scott, A.J.; Webb, T.L.; Martyn-St James, M.; Rowse, G.; Weich, S. Improving sleep quality leads to better mental health: A
meta-analysis of randomised controlled trials. Sleep Med. Rev. 2021, 60, 101556. [CrossRef] [PubMed]

Connolly, EE; Garling, T. What distinguishes life satisfaction from emotional wellbeing? Front. Psychol. 2024, 15, 1434373.
[CrossRef] [PubMed]

https:/ /doi.org/10.3390 /healthcare14152311


https://doi.org/10.1080/07317115.2025.2597956
https://www.ncbi.nlm.nih.gov/pubmed/41351625
https://doi.org/10.1016/j.jad.2021.02.061
https://www.ncbi.nlm.nih.gov/pubmed/33735764
https://doi.org/10.1186/s12888-025-07474-z
https://www.ncbi.nlm.nih.gov/pubmed/41121178
https://doi.org/10.1016/j.sleep.2017.07.016
https://www.ncbi.nlm.nih.gov/pubmed/29031746
https://doi.org/10.1016/j.jpsychires.2017.08.005
https://www.ncbi.nlm.nih.gov/pubmed/28803143
https://doi.org/10.3389/fpsyt.2021.786400
https://www.ncbi.nlm.nih.gov/pubmed/34955931
https://doi.org/10.1016/j.pmedr.2021.101621
https://www.ncbi.nlm.nih.gov/pubmed/34722134
https://doi.org/10.1080/13854046.2025.2543913
https://www.ncbi.nlm.nih.gov/pubmed/40819654
https://doi.org/10.1371/journal.pmed.1000316
https://www.ncbi.nlm.nih.gov/pubmed/20668659
https://doi.org/10.1177/0963721421999630
https://doi.org/10.1037/pspi0000459
https://www.ncbi.nlm.nih.gov/pubmed/38635183
https://doi.org/10.1016/j.actpsy.2025.105360
https://www.ncbi.nlm.nih.gov/pubmed/40743794
https://doi.org/10.1007/s40615-024-02036-7
https://www.ncbi.nlm.nih.gov/pubmed/38807024
https://doi.org/10.5559/di.27.1.03
https://doi.org/10.1007/s11205-013-0361-4
https://www.ncbi.nlm.nih.gov/pubmed/25045200
https://doi.org/10.1007/s12144-019-00305-x
https://doi.org/10.1007/s12160-015-9711-6
https://www.ncbi.nlm.nih.gov/pubmed/25976874
https://doi.org/10.1038/s41598-025-27679-2
https://www.ncbi.nlm.nih.gov/pubmed/41402343
https://doi.org/10.2147/NSS.S431442
https://www.ncbi.nlm.nih.gov/pubmed/38021213
https://doi.org/10.1371/journal.pone.0282085
https://www.ncbi.nlm.nih.gov/pubmed/36920893
https://doi.org/10.3389/fpsyg.2022.822564
https://www.ncbi.nlm.nih.gov/pubmed/35265017
https://doi.org/10.1016/j.smrv.2021.101556
https://www.ncbi.nlm.nih.gov/pubmed/34607184
https://doi.org/10.3389/fpsyg.2024.1434373
https://www.ncbi.nlm.nih.gov/pubmed/39399270
https://doi.org/10.3390/healthcare14152311

Healthcare 2026, 14, 2311 19 of 19

53. Diener, E; Oishi, S.; Lucas, R.E. Subjective well-being: The science of happiness and life satisfaction. In The Oxford Handbook of
Positive Psychology, 2nd ed.; Lopez, S.J., Snyder, C.R., Eds.; Oxford University Press: Oxford, UK, 2009; pp. 186-194. [CrossRef]

54. Cheung, F; Lucas, R.E. Assessing the validity of single-item life satisfaction measures: Results from three large samples. Qual.
Life Res. 2014, 23, 2809-2818. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/healthcare14152311


https://doi.org/10.1093/oxfordhb/9780195187243.013.0017
https://doi.org/10.1007/s11136-014-0726-4
https://www.ncbi.nlm.nih.gov/pubmed/24890827
https://doi.org/10.3390/healthcare14152311

	Introduction 
	Study Rationale and Healthcare Relevance 
	Aim and Analytical Questions 

	Materials and Methods 
	Study Design and Setting 
	Participants and Recruitment 
	Sampling Approach, Study Size, and Attrition Assessment 
	Measures 
	Sleep Quality 
	Social Interaction 
	Life Satisfaction 
	Measurement Considerations 
	Covariates 

	Rationale for Statistical Methods 
	Statistical Analysis 

	Results 
	Participant Flow and Attrition Analysis 
	Participant Characteristics and Sleep Indicators 
	Initial Linear Summary Associations and Exploratory Interaction 
	Spline-Based Exploratory Direct and Indirect Associations 
	Nonlinearity and Sensitivity Analyses 

	Discussion 
	Limitations 
	Implications for Healthcare and Community Health Promotion 

	Conclusions 
	References

